Development of multi material mechanical parts is constantly undertaken to increase functional aspectsas well as life cycle. One example is the use of bimaterial which is widely used as a temperature contactor. This paper presents mechanical, physical properties and geometric distortion of Cu-Ni indirect sintering products used to develop Cu-Ni bimaterial products. The experiment was executed with the following method: firstly, Cu and/or Ni powders were deposited into cast iron powder as the supporting powder. Secondly, it was heated in a furnace with varying temperatures of 870 C, 900 C and 930 C with a holding time of four hours. Lastly, deposition orientation was varied to observe the effect on the occurence of shrinkage. To initiate the multi materials sintering process, single material sintering was performed to observe the physical and mechanical properties. Based on previous work, multi material sintering of Cu and Ni powders was conducted. The experiment results showed that the geometric distortion of the sintering products was influenced by deposition orientation. The Cu and Ni products shrinkage were 49% and 35.33%, respectively. Although the melting temperature of Cu and Ni is close, the binding mechanism of the sintered product did not occur. The significant difference of shrinkage levels was the main factor for the binding mechanism failure between Cu and Ni materials.
Introduction
In application, Cu-Ni alloys are widely used for marine applications due to their excellent resistance to seawater corrosion, high inherent resistance to bio-fouling and good fabrication ability [1] . While, infield instruments and controls, Cu-Ni has long been used as a thermal bimaterial actuator.
Because of its extensive applicability its mechanical and thermal properties should be further investigated. The strengthening mechanisms in bimetallic Cu/Ni thin layers were investigated by Shehadeh et al. [2] . They used a hybrid approach that links the parametric dislocation dynamics method with ab initio calculations. The hybrid approach is an extension of the PeierlsNabarro (PN) model on bimaterials, where the dislocation spreading over the interface is explicitly accounted for. The Cu/Ni bimaterial system is modelled as two semi-infinite homogenous and isotropic regions connected at the interface. As a result, they reproduced several MD simulation trends and made further predictions about the strength of Cu/Ni laminates, without reliance on empirical potentials. In experiment, mechanical properties and thermal stability of electrodeposited Cu-Ni multilayers were studied by Tokarz et al. Their work found that the multilayered Cu/Ni coatings exhibit greater hardness than single Ni and Cu layers when the thickness of the bi-layers is approximately a few nanometers. The maximum hardness values were measured when the bi-layer thickness was around 10 nm and was about 25% greater than the Ni single layer hardness [3] .
The idea of multi material product development instantly drives the creation of new manufacturing processes such as layer manufacturing. Development of a multi material selective laser sintering process was performed by Beaman et al. [4] . This product is called as functional graded materials, FGMs. For instance, FGMs technology is applicable to mining tools which comprises of two materials to yield toughness and high wear resistance without a welding process.
According to Beaman et al. [4] , the development of a multi material layer manufacturing process was determined by the capability of modifying product powder deposition. Various powder deposition methods have been developed for layer manufacturing application. Vibration, gravitation and pressure assisted flow are single material powder deposition methods based on hopper nozzle construction [5] [6] . The use of hopper nozzle as a powder deposition sub-system changed the procedures in layer manufacturing processing. Powder deposition must be performed in a series of steps depending on how many product materials are used. In every layer, the deposition procedure was initiated by depositing product powder and finished by depositing supporting powder.
In the sintering process, the use of multi materials product powder has consequences, for instance, how to produce a binding mechanism among the different materials with a specific melting point. Multi materials sintering of Cu-Ni based on single material analysis was studied by Shimosaka et al. [7] . They reported that the same thermal absorption coefficient of the materials was the key to the occurrence of a bonding mechanism between Cu and Ni particles.
During the sintering process, the powder experiences the alterations of free energy, shrinkage and mass transport phenomena. The level of shrinkage is determined by the initial green part density. Low green part density yields greater shrinkage than that of the sintered product with the higher green part density [8] .
Compaction is the process whereby the intial density of the green part is increased. In multi material sintering, the shrinkage depends upon the thickness layer of each green part [9] . Furthermore, shrinkage is the consequence of microstructure transformation as well as transport mechanism [10] . Total free energy of the system also decreases proportionally to the particles total area [11] . Capillarity forces are the driving forces of solidification and surface tension, while gravitation drives shape distortion [12] .
The research was an initial step to develop the smart fan blade which used Cu-Ni materials produced by an indirect sintering process ( Figure 3 ). This method represented multimaterial deposition indirect sintering (MMDIs), a kind of layer manufacturing, developed in previous research. This paper presents the mechanical and physical properties and also the geometric distortion of single and multi materials of Cu-Ni products.
Methods
In this research, Cu and Ni powders were used as product material, while cast iron powder was employed as the supporting powder. Chemical compositions of Cu and Ni powders are presented in Table 1 [13] .
In the deposition process, the particle shape of powder determines the actual density of the green part which in turn influences the sintered product density [5] . In this research, the particle shapes of the powders were observed using optical microscopy. The results of particle shape observation is shown in Figure 1 .
Specimens manually fabricated using the indirect sintering process represents the multi material layer manufacturing process. For single material products, Cu or Ni powders was deposited into aluminum molding (dimensions illustrated in Figure 2 ) which was placed around cast iron powder as the supporting powder in a metal can. The surface of the deposited powder was swept and then the molding was removed after the supporting powder was deposited around the molding. Procedures of the fabricated specimen are schematically illustrated in Figure 3 After sintering, the specimens were cleaned from the adhering supporting powder and the dimensional was measured. The dimensional difference between the product of molding and the actual sintered product shows the shrinkage phenomenon. By measuring the weight, the bulk density was then calculated. To observe the mechanical strength, the sintered specimens was tested using the tensile strength test according to ASTM D638 standard (Figure 4 ). 
Results and Discussion
Single material sintering products. Sintering energy (sintering temperature and holding time) directly affects the final density of sintered products. During sintering, the green part experiences shrinkage (reduction of volume) caused by decreased inter particle porosity as a result of holding time. In correlation to stress concentration, due to the presence of pores, the level of density is proportional to mechanical properties such as tensile strength. The experiment results which represent the correlation betweeen tensile strength and sintering temperature is illustrated in Figure 5 . Figure 5 shows that the tensile strength of the Ni product is higher than the Cu product. The tensile strength closely correlated to material density. By using remaining pieces of tensile strength specimens, the result of the density testing is depicted in Figure 6 . This figure shows that the density of the Ni product is higher than that of the Cu product. During sintering, the flowability of particles increases in time which is the consequence of phase transformation. Meanwhile, gravitation becomes the driving force of flow direction. Because of the higher bulk density, the effect of the driving force on the Ni product was higher than the Cu product.
Initial density of the green part greatly affected the final density and shrinkage of the sintered product. Because of the un-compaction process, the initial density of indirect sintering green parts were only influenced by deposition parameters such as particle shape, particle size and bulk density of material. Observation of the particle shapes showed that the Cu particle was more irregular than the Ni particle ( Figure 1 ). This was the reason why the initial density of Ni powder was higher than Cu density.
After being sintered, the density of Cu and Ni as the function of sintering temperature, in which the density of the Ni product was higher than the density of the Cu product ( Figure 6 ). The initial density of the green part Maximum shrinkage occurred in the vertical direction for Cu as well as Ni products. Not only shrinkage but the sintered product also experienced geometric distortion. In orientation as depicted in Figure 7a , the product experienced maximum shrinkage in the vertical direction and geometric distortion in the lateral direction (Figure 7b) . Results of measuring the temperature distribution of the building part (the wall as the heat generator) showed that temperature accumulation occurred in the center radial location of the building part.
Temperature was also a function of the vertical position: the higher the position the lower the temperature. Due to the difference of temperature distribution that was not uniform, the product also experienced non-uniformed shrinkage.
Green part orientation also affected the shrinkage and geometric distortion. As illustrated in Figure 8a , product experienced the thickness reduction (vertical orientation) and geometric distortion which shapes facing upwards. If the sintering process is executed in a furnace, temperature accumulates in the center of the building part in radial as well as vertical position. In the formation of powder deposition illustrated in Figure 8a , the upper product surface received higher temperature than the bottom (powder was deposited in the lower mid vertical position of the building part). This implied that shrinkage increased as the function of vertical position in which the upper surface experienced maximum shrinkage (Figure 8b ).
The effects of sintering temperature on the occurence of shrinkage and geometric distortion are depicted in Figure 9 . This figure shows that geometric distortion is proportionally increased by sintering temperature.
Besides the physical and thermal properties, the differences of shrinkage and geometric distortion of CuNi was also affected by the initial density of the green part. Initial density of Ni powder was higher than Cu powder, which consequently presented different particle shapes. Figure 10 shows the comparison of Ni and Cu sintered products. The geometric distortion of the Cu sintered product was higher than the Ni sintered product. It was caused dominantly by the non uniformity of shrinkage.
The result of micrography observation showed that the Cu product of the indirect sintering process was more porous than the Cu product produced by the rolling process ( Figure 11 ). This condition was caused by the uncompaction process which minimized the inter particle contact forces. In the indirect sintering process, gravitation is a driving force which stimulates inter particle bonding mechanism.
In the indirect sintering process, deposited product powder was sintered around the supporting powder, so that the characteristics of the supporting powder influenced the temperature distribution in building part. The effect of the supporting powder particle size of cast iron powder (sintering temperature of 900 o C, holding time of 4 hours) on the microstructure of Cu product is illustrated in Figure 12 . The particle size of the supporting powder correlates directly to the thermal conductivity of the powder. The smaller the particle size the greater the thermal conductivity [14] .
The net of sintering energy affects the inter particle bonding mechanism which determines mechanical characteristics. The effect of the sintering temperature on the microstructure of Cu products is shown in Figure  13 .
Multi materials of Cu-Ni products. The experiment results of the Cu-Ni sintering product showed that the role of the driving force of the sintering process determines the particle formation bonding mechanism. The horizontal parallel formation of materials ( Figure 14) failed to produce the bonding mechanism. This was indicated by the relative movement between materials in the boundary area as a consequence of different shrinkages. In the vertical formation (Cu powder at the bottomillustrated in Figure 15a ), Cu and Ni materials produced the bonding mechanism. These conditions indicated that the weight aspect of Ni powder was a driving force to form a bonding mechanism among particles in the boundary area.
The condition of Ni-Cu boundary materials was also influenced by the sintering temperature. At the sintering temperature of 870 o C, a crack occurred in the boundary area of Cu and Ni materials (Figure 15b ). The crack can be minimized by increasing the sintering temperature (Figure 15c ). At sintering temperatures of 930 o C, cracks were eliminated from the boundary area ( Figure  15d ). These conditions indicated that the sintering temperature determines the levels of the dominant aspects between shrinkage and gravitation as the driving force of the formation of a bonding mechanism. At the sintering temperatures of 870 o C and 900 o C the bonding mechanisms of the similar particles was larger than that of the dissimilar materials so that the force of shrinkage was more dominant than the gravitation.
Conclusions
This work finds that the tensile strength of Ni products is higher than that of Cu products. Up to the sintering temperature of 930 o C, the stensile strength of Cu and Ni products proportionally increases with the sintering temperature. An increase of tensile strength dominantly affects increasing product density. The shrinkage of the Cu product was greater than the Ni product, at 49% and 35.33%, respectively. In multi material sintering with Cu-Ni, the shrinkage difference was the significant problem in the formation of the bonding mechanism.
